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Introduction

Coal-bearing rocks underlie 19 counties in eastern Oklahoma, an area of
approximately 2,395 square miles. Recent estimates of bituminous coal resources
in eastern Oklahoma (Friedman, 1975) show that 7.1 billion short tons of bituminous
coal are present in beds 14 inches or more in thickness under less than
3,000 feet of overburden. Included as part of these identified resources is a
coal reserve base of 1.3 billion short tons (Averitt, 1975). These are coal
beds 28 inches or more in thickness to depths as great as 1,000 feet.

The coal resources of interest in this report lie within the boundaries
of the Arkoma basin, a structural basin underlain by faulted and broadly folded
Pennsylvanian strata. The counties within the Arkoma basin containing signifi-
cant coal resources from which samples were collected are Haskell (1,513,681,000
short tons), Latimer (841,968,000 short tons), LeFlore (1,973,362,000 short
tons), and Pittsburg (1,383,833,000 short tons) (Friedman, 1975). The
locations of sample sites in the Arkoma basin are shown in figures 1 and 2.

Significant to any complete coal resource appraisal is an estimate of the
chemical composition of the coal. Four somewhat overlapping reasons for obtaining
comprehensive and precise chemical analyses of coal are as follows: (1) to
help assess the environmental implications of coal mining and utilization, (2)
to help determine the most suitable use of the coal, (3) to assess possible
by-product recovery, and (4) to help interpret the geological and geochemical

history of the coal-bearing rocks (Hatch and Swanson, 1977).
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A total of 51 samples of coal were collected from the Arkoma basin, including
39 samples collected from several active mines by the Oklahoma Geological
Survey (table 1) and 12 samples collected from eight EMRIA drill holes (table
2). These samples represent six principal coal beds in the Krebs Group of
Middle Pennsylvanian (Des Moinesian) age. Figure 3 shows the general stratigraphy
of formations and coal beds in the Krebs Group. o

More detailed information on the general geology and stratigraphy of
coal-bearing strata in eastern Oklahoma is included in Trumbull (1957), Johnson
and others (1972), and Friedman (1975). Additional studieQJAA'trace‘;iéﬁéghs
in coal in the Arkoma basin and vicinity are included in Zubovie and others
(1967), Boerngen and others (1975), and Swanson and others (1976).

Explanation of data and summary tables

Proximate and ultimate analyses, heat-of-combustion, air-dried-loss, forms--
of-sulfur, free-swelling-index, and ash-fusion-temperature determinations for
30 single and composite coal samples from the Arkoma basin, eastern Oklahoma,
are given in table 3. These analyses were provided by the Coal Analysis
Section, Department of Energy (formerly U.S. Bureau of Mines), Pittsburgh,
Pa. Analyses for ash content, contents of 36 major and minor oxides and
trace eléments in the laboratory ash (table 4), and analyses of seven trace
elements in whole coal (table 5) for 51 coal samples from the Arkoma basin
were provided by the U.S. Geological Survey in Denver, Colo. Table 6 contains
the data listed in table 4 converted to a whole—coal basis and includes
the whole-coal analyses listed in table 5. Twenty-two additional elements
not listed in tables 4, 5, and 6 were looked for but not found in amounts

greater than their lower limit of detection (table 7).
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Unweighted statistical summaries of the analytical data in tables 3, 4,
and 6 are summarized in tables 8, 9, and 10. Data summaries for P05 content
in ash, and Ag, Cd, Ce, Ge, La, Nd, P, and Th contents in whole coal are not =~ ~~ =~
included in tables 9 and 10 because these elements were detected in an insuf-
ficient number of samples to calculate meaningful statisties. - -~ - — - R

Most of the analytical procedures used by the U.S. Geological Survey
are described in Swanson and Huffman (1976). Arsenic contents of samples
summarized in this report have been determined by three different analytical
methods: samples D176165 -~ D176854 were analyzed spectrophotometrically (lower — ~—~  ~
detection limit 1.0 ppm); samples D179902 - D179910 were analyzed by the graphite
furnace—-atomic absorption method (lower detection limit 0.5 ppm); the remaining
11 samples were analyzed by instrumental neutron activation analysis (lower
detection limit 0.1 ppm). S

Antimony, selenium, and thorium contents of samples D176165 - D179910 were
determined by the Rhodamine~B spectrophotometric method (lower detection limit
0.1 ppm), x-ray fluorescence analysis (lower detection limit 0.l ppm), and
delayed neutron activation analysis (lower detection limit 3.0 ppm), respectively.

The remaining 11 samples were analyzed for antimony, selenium, and thorium by
instrumental neutron activation analysis (lower detection limit 0.1 ppm).

To be consistent with the precision of the semiquantitative emission- - s
spectrographic technique, arithmetic and geometric means of elements determined
by this method are reported as the midpoint of the enclosing six—-step brackets.

(See headnote of table 4 or Swanson and Huffman, 1976, p. 6, for an explanation

of six-step brackets). The typical procedure for sample preparation and analysis

used by the U.S. Geological Survey is shown in figure 4.
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Explanation of statistical terms used in summary tables

In this report.the geometric mean (GM) is used as the estimate of the
most probable concentration (mode). The GM is calculated by taking the logarithm
of each analytical value, summing the logarithms, dividing the sum by the total
number of values, and obtaining the antilogarithm of the result. The measure of
scatter about the mode used here is the geometric deviation (GD), which is the
antilog of the standard deviation of the logarithms of the analytical values.
These statistics are used because the quantities of trace elements in natural
distributions are normalized by statistically analyzing and summarizing tiéﬁe;—
element data on a logarithmic basis.

If the frequency distributions are lognormal, the GM is the best estimate
of the mode, and the estimated range of the central two—-thirds of the observed
distribution has a lower limit equal to GM/GD and an upper limit equal to GM x Gﬁ;A
The estimated range of the central 95 percent of the observed distribution has a
lower limit equal to GM/(GD)2 and an upper limit equal to GM x (GD)2 (Connor and
others, 1976).

Although the geometric mean is, in general, an adequate estimate of the most
common analytical value, it is, nevertheless, a biased estimate of the arithmetic
mean, The estimates of the arithmetic means listed in the summary tables are
Sichel's t statistic (Miesch, 1967).

A common problem in statistical summaries of trace-element data arises
when the element content of one or more samples is below the limit of analytical
detection. This results in a "censored” distribution. Procedures developed
by Cohen (1959) are used to compute biased estimates of the GM, GD, and arithmetic

mean when the data are censored.



Discussion

The apparent ranks for 29 samples from the Arkoma basin were calculated
using the data in table 3 and the formulae in ASTM designation D-388-77 (American
Society for Testing and Materials, 1978). The heat of combustion (moist,
mineral-matter free basis) for the samples from the Arkoma basin ranges from
14,260 Btu/1b (7,930 kcal/kg) to 15,620 Btu/lb (8,680 kcal/kg); the fixed
carbon (dry, mineral-matter free basis) ranges from 55.9 percent to 81.9
_percent. The distribution of apparent rank for the samples is as follows:
high~-volatile A bituminous coal--13 samples; medium-volatile coal—-—5 samples;
and low-volatile bituminous' coal--1l1 samples. The free-swelling index for the
samples ranges from 1.0 to 9.0. Apparent rank and free-swelling index were
not included for sample D223850 because of the high ash content.

Statistical comparisons, using the "t” and "f" tests (95-percent confi-
dence) (Miller and Kahn, 1962), of the sample means and variances for the U.S.
Department of Energy data for 30 samples from the Arkoma basin with 96 Interior
Province coal samples (Swanson and others, 1976) show that the Arkoma basin
samples collectively have significantly higher contents of fixed carbon, carbon,
and nitrogen, a significantly higher heat of combustion, and significantly
lower contents of moisture, volatile matter, hydrogen, oxygen, sulfur, and
pyritic and organic sulfur. Contents of ash and sulfate sulfur are not
significantly different.

Statistical comparisons of sample means and variances of coal ash and
nine major and minor oxides in ash for 51 Arkoma basin samples with 155 Interior
Province coal samples (Hatch and Swanson, [977) show that the Arkoma basin
samples collectively have a significantly lower ash content, significantly
lower content of Fep03 in ash, and significantly higher contents of Alj;03, MgO,
Nag0, and K90 in ash. Contents of S$i0y, Ca0O, TiOp, and SO3 in ash are not

significantly different.



Statistical comparisons of sample means and variances of 34 elements
(whole-coal basis) for 51 Arkoma basin samples with 155 Interior Province coal
samples (Hatch and Swanson, 1977) show that the Arkoma basin samples collect-
ively have significantly higher contents of Mg, Ba, Mo, Nb, and Sr, and signifi-
cantly lower contents of Fe, B, Be, Co, Cu, N, Pb, Sb, Sc, Se, U, and Zn.
Contents of Si, Al, Ca, Na, K, Ti, As, Cr, F, Ga, Hg, Li, Mn, V, Y, Yb, and Zr
are not significantly different.

Differences in the oxide composition of coal ash and the element contents
of coal result from differences in the total and relative amounts of the various
minerals in the coal, and the total and relative amounts of organically
bound elements. The chemical form and distribution of a given element are
dependent on the geologic history of the coal bed. A partial listing
of the geologic factors that influence element distributions includes chemical
composition of original plants; amounts and compositions of various detrital,
diagenetic, and epigenetic minerals; temperatures and pressures during burial;
and extent of weathering. No evaluation of these factors has been made for
any of the coal beds in the Arkoma basin.

Compared to coal from the Interior province (Swanson and others, 1976),
coal in the Arkoma basin is generally’characterized by low ash, low sulfur,
high fixed carbon, and high heat content. The contents of trace elements,
particularly Be, Pb, Sb, Sé, and Zn, are generally low in coal from the Arkoma
basin when compared collectively to coal from the Interior province (Hatch and

Swanson, 1977).
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Btu/lb

Heat of combustion
Kcal/kg

Oxygen Sulfur

Nitrogen

Ultimate analysis

llydrogen Carbon

Ash

Proximate analysis
Fixed
carbon

matter

determinations for 30 coal samples from the Krebs Group, Arkoma basin, eastern Oklahoma--continued
Volatile

Moisture

Bt

Table 3.--Proximate and ultimate analyses, and heat—-of-combustion, forms—of-sulfur, free-swelling-index, and ash-fusion-temperature
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Btu/1b

Heat of combustion
Kcal/kg

Oxygen Sulfur

Ultimate analysis
Nitrogen

Hydrogen Carbon

Ash

Proximate analysis
Fixed
carbon

matter

determinations for 30 coal samples from the Krebs Group, Arkoma basin, eastern Oklahoma--continued
Volatile

Moisture
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Table 3.--Proximate and ultimate analyses, and heat-of-combustion, forms—of-sulfur, free-swelling-index, and ash-fusion-temperature
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Table 4.--Major- and minor-oxide and trace-element composition of the laboratory ash of 51 coal samples from the Krebs Group,

|Coal ashed at 525°C.
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Arkoma basin, eastern Oklahoma--continued
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Table 4.--Major- and minor-oxide and trace-element composition of the laboratory ash of 51 coal ssmples from the Krebs Group,

Sam
num

QWM T WOINMNOOD NTOWNT  ~dNOM M FOONON  TNDWM N=tNON OO =~
TONNO COWO= ONMMM NMNOOWN NOOIT T NMOWOT  NnNeg
FTIIITON NNemtemtN  NTJFFT OONNL ONNEOR NANANNT Pty NONNOD
MMM OVOVWOWO  VMMNMM BOANLY OO OWY VWVLOVM MMOWOWY ODOON
OO MNP rers OO0 ISINFSISPs ISP Pt MR s
o o ot g ot — o ot ot et ot O\
Qoama acaan acAnA QARQQA acaoA AQQaA AaAAa aacan
TOMNROT NINOIT NeCNNO INAOMes NOMMNGT N0 ONWING O~
Nt OO =INN MO NS WVWOO MAITMINN ANNO™MI= ONADOO OO—ON
—— - O\ N ) N Nt e MIOTN OOt ot — - N o ot
0000 O0000 OO0 OO0 OO0 MNODOO O0000 QOO0
PSS OO OO VMNONM OO0 OWV OOOMIA  ™MINMIN M N OVIIN
- NN e ot et e NI Mt NV = — - — o O] ot
QINING NOOOO OO0 OO0 OO0 ONOOD ONDOD OOo0oWN
Clemtomiomitn =MIOMRO MO0V OV MMINO NS NI O MO MO MMM
- o~ ON ot ot o o o ot (VY — -
1 4-4-4 -z ZZelZ el -l - Tl ZZZded AZZZ ] ededednded
o 0020 [~ 2= OO0 OO0 O (== =] Q O0000
o 20000 o O O0O000 OO0 O QO O S 00000
N NNwwW v N WVWANSNWN NN N al a Ty [Ta B Tal7al s ITalty)
wl o ededadeded ol wd wd -t wdod ol el el ad el ed  odod ol e
OOONO COOO0O OOCOND ONOOO OO00O0 OOOOO OCOoOO cvooo
R ] e s e e e “ e e * e s e e EEEEEEEEEEN] T e e s e
OO O =t ot oo LS g ot -\
= -4 -4-4-4 ZzZzZ
~NMINO OONO=— ~rsr~ NN INTYIAS MO~ M N0
— e o o o— ol o g — o— o— — —
OO0 O0000 O00O00 OO0 OO0 OO0 o000 oSO
OO0O00C O000O0 COO0O0O OO00O0O0 OO0 00000 O000Oo (={=1=]
NOSO™ mRRNIN NOMMM RROOW MINORK NANAN  BNAOM  NnO AN
on e n - by )
o o et ONC Yot ot et (7 -
SO0000 00000 OO0 COO000 O000O0 OO0 DOOOLO OO0
OO0 OOWNOO ™MINONO SRMIINO OFRMIINN FRNONIN O ~RO000O
OO MM et N N - bt wnd ot o o NN =N
-
v oy
a] von vy vy
-3-4- 44444 zZZZ ez o . T e ZZTZ 2T T TZZZ
— — o O\ ot ot ot o ot o — — —
Q
VIND ™ DTN )] M~ N v o~ - POIT
. « e e o " e e . ¢ o .« e e . e e o s e
OO et NPt NANSAN OMNTIN NI TAMOO MT NI ™ -
— vy o oy — v gy oy oy
ONWST VNN DVO NDIONGT =NOMNM  FONDODN TNV M Ne=lNON  OmNO =
FTONNC COWWO= ONMMM™M MINOOWV WNOOTT ITITTITM MENOOST NN
FIILILTN ONmtetON NP FFT OVONNEO ONNDVL NOANNNT  FTFemedN NONNOD
MMM ARV ON AMMMM OVONNRD ORANOO WOM MOOO OOOOM
OOOOM PP P00 M tSPP PSSO PSSt 00  OOP M=~ PPt
—
aaoaa anaoa anaona Ao amlana QEDQQ Qoo aaacnq

24




€72a 10€ 0L 1061 0€ o€ i LE 0L o1 174 1¥8€2 20
9L1d om 001 1061 102 Sl otl $81 001 N 113 0689210
om a 0 061 061 0¢ ST s01 0ce 0st N 0s €629 1d
9/1a Sh 0s1 1081 102 (1 08 6€1 001 N 0€ 1629/ 1a
9/1a oy oot N 102 111 (U2 [ 1001 N ot 0s79/1a
9L1a oY 0L N 102 N oclie iy 1001 N q 6%29L 10
9/1d 114 0L 4 102 L 0591 €8 N N 0z 991910
9L1d Sy 0L q 10¢ 01 00¢,¢ s N N 174 6919/ 1d
€810 16¢ 0L N (119 N 001 1 %2 1001 N ST 1evegia
£81d 16e (U9 N ot N 0S9°1 92 1001 N 0t [4%4%:2
€eyesla 1141 00¢ 0s1 (1% Sl 962, 91 1001 N g €eyegia
8%29.1d Sy 001 (19} 102 Sl 0012 911 1001 N a4 8%¢9.1a
9%29L1d 87 0L N 102 o1 00§, ¢ 601 1001 N 0z 9%29L 1a
shzaLia 162 0S 4 102 L 04z, 7 09 N N ST SHT9L1a
hye9Lla 1se 0L q 102 N 0L58°¢ 101 N N q LATATA L
6%89.10 oY 001 1061 0z Sl S8S, 121 1001 N o€ 6489/ 14
889/1a T4 0L 4 10¢ [1]% o1L’ 1 [4 N N Sl 8%89/ 10
¢066.10 0L 00/ 0s1 0¢ 0f 313 €11 061 0L 0L €066/ 10
€066.1a SE 061 002 174 0¢ (U] $61 061 0t 0L €066/ 10
9L1a <9 00z 00t o€ 0z 062 1z (19 N ot ¥68971a
9.1d 0s 0S1 1061 0z [1]% 000°2 1L1 1001 0t g €589/ 14
6L10 09 007 061 174 174 59y 091 0s1 001 0L L066L 10
6L1d 08 0s1 00¢ 0t 0z S9¢, VT4 061 0S 0L 8066/ 10
9/1d [ 00¢ 0s1 0¢ 00T 000, 1 et 061 0L 0¢ ¢589.1a
9L1d 09 00t N 102 0z 069°1 69 1001 0t o€ 1589/1a
€81d 1se (0 4 0¢ 0t v0L, v1 N N 4 yEvE8 1a
€81a oL 00€¢ oSt o€ 0L 060° 1 18 1001 N q SEVERId
€810 ort 00¢ 4 0€ 001 ¥69 44 N N q 9tye8 1
€81d s9 0s1 00z 0€ 0L 96¢ $02 0s1 N 0t yZyes1d
6L1d 114 0st q 0¢ (1 114 [43 N N 0s 6066L10
6L1a '] 0S1 4 N o€ 0v6‘t It N N 0T 016614
9L1d o1t 00¢ 00€ 0ot 0L oY1, [41%4 00¢ N 0t 8919/ 10
9L1d oy 00¢ 0s1 102 0s1t 001" 1 L€ 0s1 N q £919.1a
6L1d S¢S 0s1 0S1 0z ST (1749 SLIT 001 N 0L S066. 14
6410 Sy 0S1 oSt 0z 0¢ SLS 811 061 N 0L 906610
610 0S oSt 00¢ 0z 02 0%¢ 9L1 0G1 N 0L v066L 10
£81d 162 0L q of 0st «Na 0¢ N 0f g4 LEYE81A
£gid 162 0S1 q ot 0L otz 8% N N q 8EYEBIA
€81d 162 001 1061 0ot [11% yYs 09 1001 N q 6€Y€810
£81d 1s¢ 0s1 N 0t Sl oy ¥8 1001 N q oyye81Ia
wnu (wudd) (wdd) (wdd) (udd) (wdd) (wdd) (udd) (udd) (wdd) (mdd) 19qunu
ardues qd S-TN S~-PN S-aN S-OH Uy 1 S-e1q §-29 §-89 ardueg

PoONUTIUCI-~PWOYBTH( UIIIBE3 ‘uUfseq EWONIY

‘dno1y sqaxy syl woiy safdwmes Teod [¢ Jo ysw Kixojeioqel ayl jo uojljsodwod Juswa[a-3del) pur Ipyro-loujw pue -1olel--°y 27qel

25



1%8€72d ool 191 S 0L 061 00€ St 186224
0589.1d 0s1 L1] L 0L 00t 00€ 0g 0589. 10
26¢9.10 0s1 08¢ S 0s 00€ 00/ 0t 2679/1d
15¢9/14 061 %02 S 0s 002 00¢ 0og 1679/10
0sz9./1a ost 8.2 L 0L 0sT 00¢ ng 0s79.1a
6%29.14 001 [4%4 4 0L 0s1 00€ SI 6979, 14
9919.10 001 ¥01 € 0€ 001 061 st 9919/ 10
§919/1d 001 008 € 0g 0L 0sI Sl s919.214
1eve8Ia 001 LYl L 0L » 081 0st St Ieveqia
tEVE8Ia oL 9LS q 0L 001 0L st evesla
ceEvEBIa 00t WTEAN St 00t 00€ 0L ot £EYEBId
8%29.1a 0/ 90¢ q 0L 0s1 00L S1 8%29.1a
9%29.10 174 8yl € 0€ ost 00S Sl 9%29.1d
§%T9L10 0L Y € 10¢ 0L 051 St sheoL1a
¥%29L1a 0S 96 q 102 0t 0s1 N "yz9L1a
6%89.14 0s1 S61 L 0L 00€ 00¢ 0ot 6489, 10
8%89/1d 0L bST, S 0t 0L 00t S 8%89.1a
2066.1a 0s1 00z°¢ 01 0L 00¢ 000, € 0t 2066/ 10
£066.10 061 00% Sl 0s1 00¢ 000, 1 o€ £066L 10
¥$89.1d 00t o€t st oSt 00t 005°1 0t %s89.1a
€689.14 0S1 000°T L 0L 0s1 000:¢ 0g £€689/.14
L066.10 0S1 059 o1 0L 00€ 000, L o€ L066L1d
8066.14 00?7 161, S1 0s1 00€ 000 € ot 8066/ 1a
¢s89.1d 0S1 0/6°1 St 0st 00Z 0001 0og s89/1a
1s89/1a oSt 9ty L 0L 00t 00s ot 1589/14d
evesia 0L vy 4 0s 0L 000°T1 101 yeves 1d
SEYEBTA 0L 006 4 0s1 00¢ 00/ 114 Sevesid
9evE8Id 0L 166 4 0$ oSt 00L S 9E¥€81a
yehesId 0s1 62y ST 0s1 00L 00€ ot yiheslIa
6066.1a 0L 00¢ S 0s 0s1 0oz ST 6066L1a
0166.10 0¢ 0s§ L 0L 051, 00s 01 016610
891914 061 o%e st 00¢ 000°1 00z 0$ 89192 1d
1919.1d 001 9y q 0st 00€ 00/ St £919L1a
606610 0L 911 L 0L 00¢ 00§ o€ S066L14
9066L1d oL 00z L 0L 00t 00¢ ot 9066 L 10
¥066.10 001 Tl ot 0L 00L 00¢ 0t ¥066L10
LEvesla 0/ 88 4 0t 0S1 00€ S LEYERTA
8eEvEBIQ 0L SL1 q 0t 061 00§ st gevesld
6EYE8TQ 0L 691 q 0L 0L 00S ST 6€€R1A
oyyegid 001 911 a4 001 0sT 00L 0z oyheRld
l1aqunu (udd) (udd) (wdd) (wdd) (wdd) (udd) (wdd) J3qunu
aydueg §-12 uz $-q1 S-X S-A S-15 $-9§ atdueg

PoNUTIUOD-~BUOYEBT( UISIBEd ‘UJSEq BUONIY

“dnoay sqaiy ayj woij sojdues [eo0d [G JO Yse A10I1BI10QE] @3] JO uof3jjsoduiod JUaWI[9-8081] PUE OPJXO-I0UFWl PUE ~10[ EH--°% ayqe]

26



758¢€22a St 00t (113 002 10°1 S 00, oSt 11 q zegeeea
168€¢2a olt 0S1 0T 002 10°1 S 00, 00T 11 q 168E7 2a
058€220 %6 00¢ 114 002 0°1 S 006, 061 11 q ossezea
6¥8¢€22d 101 007 113 002 10°1 S 000" 1 00¢ 11 q 698€C 20
8y8ezea 16 [1]% 113 1005 10° 1 S 00€ 002 11 q 898E7 20
Ly8€Tea L9 001 0T 1006 10°1 L 00¢ 00¢ 1 q Ly8eT Ta
9%8€TCa 98 0s (114 1005 10°1 S 002 0s1 11 q 9%8€T 2
cygeTea £61 0S1 o€ 00€ 10°% 0ot 002, 002 11 q syeceza
yh8€Tea yel 001 0T 00¢ 10°1 L 000" 1 051 11 q hy8ET A
£y8€T2a 18 0L 0T 1005 101 L 00/, 00€ 11 q gygeT Ta
[Ax1x44dd 68 0L 07 1006 10°1 L 000°1 00¢ gL q 44 44
Jaqunu (udd) (udd) (udd) (udd) (udd) (udd) (wdd) (udd) (udd) (3juadaad) Jaqunu
°ydueg ng $-10 $-00 $-30 | :4] S-°4 S-2q S-4 S-8v €0s 3 1dueg
T58€T2a 1 LS 1t "1 6%" LE°S St 81 T 1€t zsgeeea
168€22d z9° c8° L°9 0°7 98° 96°¢ 8°L 114 9¢ L L1 158622d
0s8€ced 61° "1 9°€ €°7 9e° 91 %1 49 1< 6°8S osegee ea
6%8€720 £y 0t 1°s 2°C 89° 91°1 1 e 6% 1°8¢ 698ETTd
8%8¢£2¢d 8¢° oc* €€ 9L° St L1y 1 9°9 (41 0°91 gygeeed
L%8¢T2a or° AN [ X4 L1 |88 9z°¢ S°6 St (4% 6°61 Ly8eTTa
948€72a 01 [4 £€ 0’1 99° Li°€ 71 LAl 91 L° L} 998ET Ta
Sh8ETea 01 08° 91 0°€ 9¢° 9%°1 z°9 1z €y L°61 cHeET 2a
¥498€72a yi° G9° (41 € £S° 8%°1 [A8% j ¥4 6% 6°LT HheETTa
£y8€e22a 9¢° (X Ly 8s° VAN 1L°1 £l 2°9 8°6 8 €l £yeeeea
Th8ETTa 81°0 €€°0 €y (Al | %Z°0 6L°1 8'6 S°6 61 9°91 Ty8eTTa
aaqunu  (juadiad) (juadiad) (3Jusoiad) (Jusdiad) (Juadaad) (jusaaed) (3Jusdaad) (jJuasiad) (Juedaad) (Juadiad) Jaqunu
°1duweg g0zd Z01L €£0Z24 oz 0ZeN 031 0D €0Z1vV ZO¥S ysy a1dueg

PONUTJUOD-—BUOYE|)) UII1SES TUJSE| BWONIY

“dnoin s8qaiy ay) woij sajdwes [e0d |G JO yse Ai10jeloqe] 9yl jo uoj1750dWodD JUIWAT3-2081] PUB BpIXO-I0oUFW pue -~10feH-~°y 21qe]

27



zs8¢€iia 0st L8 L oL 002 000°1 (114 (A3 xAA

168€cea 00¢ 01 S 001 002 00L 0t 168€22a

0s8€zed 00t 6S1 L 0L 00€ 00¢ 0t 0§8L7Zd

6y8€LCed 002 002 L 0L 007 00S 0t 6Y8€2Ta

8heezed 0sI 6% £ 0s 0sy 00L ST 8vgeET Zd

Lygecea 00z 8¢l o1 oL 007 006§ 0z LygeTTa

9%8€2Ca 0L Y8 € (1% 001 00§ 01 9%8€Z 2d

GhgeLed 00T 061 01 001 002 00L 0s shgeced

Yvgezed 002 691 L 0L 002 00¢ 0T yyeeza

£yaeeed 001 19 € 0Ss 001 006 01 £yeezia

fAR X A4 0st 86 S 0S 0s1 00§ 0? ez ea

Iaqunu Msamv (wdd) (wdd) (udd) (udd) (wdd) (udd) aaqunu

a1dueg -2 uz S-qx S-X S-A S-1§ $-2§ afdueg

FAY: 1 A4 vy 001 0st 114 0z 6%% 8¢l oL S 0? [4Y: XA
168€22d {9 001 1061 0S 0z LEE €Ll 00¢% S 0€ 1682 2d
068€£2¢d 15 0s1 1061 0s L LL Sit 001 S 0s 0sgezea
6%8€720 £s (119§ 1061 0t ST €91 oLt 001 S 0L 6586220
8y8€CCa ()4 0L 1061 /]9 0s 898 61 0L L St 8hgeced
Ly8€Cca 149 oSt 10671 0t 0071 1€€ 18 001 St (114 tyeezia
9%8€22d by 0§ 1061 0z 0t 061°T1 ST 0S [ ST 9% 8eTla
Sy8eeed (49 061 1061 0ot 0t 989 9t 0071 L 0% SHEETTa
y98€TTa 9 00Tt 1061 )% 0¢ 91% SOt 0oL L 0€ yheetaa
€v8€TLa 9% 0s 1061 0€ 001 9%/ €t (119 Sl 0t €ygeeea
98¢etia L€ oL 1061 0t 0L %99 1y 0L [1]1 0t [Ag XA
a3qunu (udd) (udd) (wdd) (wdd) (udd) (wdd) (udd) Msmmu (wdd) (udd) Jaqunu

atdueg q4 S-TN S-PN S-qN S~O0R uy 13 S | §-99 S-89 21dueg

PONUTIU0I--BUWOYRTHQ UIDISED 'UFSEq BWONAY

Tdno1y sqo1y 943 woij sojdues [e0d |G jJO yse Ai0jeioqe| oy3 jo uofl[sodmod JUaWAT3-3dei] PUB SPIX0-IOUTW puB -10f BH{~--°H J[qEB]

28
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number
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L, less than the value shown)
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eastern Oklahoma
(ppm)

[Analyses on air-dried (32°C) coal.
Hg
(ppm) (ppm)

As
(ppm)

e
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Table 5.-—Content of seven trace elements in 51 coal samples from the Krebs Group, Arkoma basin,
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Samgle
number

A
(opm)

) (g

Ti

rcent) (percent

Fe

K

and U values are from direct determinations on air-dried
(percent) (pe

means analysis by semiquantitative emission spectroscopy.

Sb, Se, Th
of ash. §
Na
(percent)

determined}

nalyses

L, less thﬁn the value shown; N, not detected; B, not
Mg

As, F, Hg,
(percent)

om a

Ca

(percent)

Al

all other values calculated fr
(percent)

H
Si
(percent)

le
er

B

Table 6.--Major—, minor-, and trace-element composition of 51 coal samples from the Krebs Group, Arkoma basin, eastern Oklahoma
(32°C) coal

[values are reported on a whole-coal basis.,
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number

(Spm)
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(ppm)

Cu
(ppm)

(5pm)

continued
Co-$
(ppm)

Ba-$ Be-§ Ccd Ce-§
(ppm) (ppm) (ppm)

(ppm)

B-5
(ppm)

1
Ber

num

Table 6.~-Major-, minor-, and trace—element composition of 51 coal samples from the Krebs Group, Arkoma basin, eastern Oklahoma--
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Table 7.--Elements looked for but not detected in coal samples from the Krebs
Group, Arkoma basin, eastern Oklahoma

[Approximate lower detection limits in ash, as determined by the six-step
spectrographic method of the U.S. Geological Survey, are included for
all elements]

Lower limit of detection in

Element name Symbol ash (ppm)
Gold Au 50
Bismuth Bi 20
Dysprosium Dy 100
Erbium Er 100
Europium Eu 200
Gadolinium Gd 100
Hafnium HE 200
Holmium ' Ho 50
Indium In 20
Lutetium Lu 70
Palladium Pd 5
Praseodymium Pr 200
Platinum Pt 100
Rhenium Re 100
Samarium Sm 200
Tin Sn 20
Tantalum Ta 1,000
Terbium Tb 700
Tellerium Te 5,000
Thallium Tl 100
Thulium Tm 50
Tungsten W 200
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Table 8.-~Arithmetic mean, observed range, geometric mean, and geometric deviation
of proximate and ultimate analyses, and heat of combustion, forms of sulfur, and
ash-fusion temperatures of 30 coal samples from the Krebs Group, Arkoma basin,
eastern Oklahoma

[All values are in percent except kcal/kg, Btu/lb, and ash-fusion temperatures,
and are reported on the as-received basis. °F = (°C x 1.8) + 32; kcal/kg =
0.556 x (Btu/1b). Leaders (=—) indicate no data. For comparison, geometric
means for 90 Interior province coal samples (Swanson and others, 1976, table
16a) are included]

Interior
Observed range province
Arithmetic Geometric  Geometric  geometric
mean Minimum  Maximum mean deviation deviation
Proximate and ultimate analyses
Moisture 2.1 1.0 4.9 2.0 1.4 5.9
Volatile matter 26.3 13.9 38.9 25.1 1.4 30.9
Fixed carbon 59.1 28.0 75.5 57 .4 1.3 46.3
Ash 13.2 2.6 56.0 10.3 2.0 10.7
Hydrogen 4,6 2.7 5.2 4,5 1.2 4.9
Nitrogen 1.6 o7 2.1 1.6 1.2 1.2
Oxygen 5.5 2.2 9.6 5.3 1.4 10.7
Sulfur 2.5 «5 9.1 1.9 2.2 3.0
Heat of combustion
Kcal/kg 7,170 3,130 8,320 7,050 1.2 6,360
Btu/1lb 12,900 5,620 14,960 12,960 1.2 11,440
Forms of sulfur

Sulfate 0.17 0.01 0.49 0.09 3.1 0.11
Pyritic 1.96 .02 7.26 74 4.1 1.49
Organic .75 07 2.42 .59 2.0 1.05

Ash—-fusion temperatures, C

Initial

deformation 1,150 965 1,445 1,145 1.1 —
Softening

temperature 1,200 1,040 1,500 1,195 1.1 —
Fluid

temperature 1,250 1,075 1,540+ 1,245 1.1 —
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Table 9.-—Arithmetic mean, observed range, geometric mean, and geometric deviation
of ash content and contents of nine major and minor oxides in the laboratory ash
of 51 coal samples from the Krebs Group, Arkoma basin, eastern Oklahoma

[All samples were ashed at 525°C; all values except geometric deviation are in
percent. TFor comparison, geometric means for 155 Interior province coal
samples (Hatch and Swanson, 1977, table 4a) are included]

Interior
Observed range T, province
Arithmetic Geometric Geometric geometric
Oxide mean Minimum Maximum mean deviation mean
(Ash) 12.9 2.2 58.9 9.8 2.1 12.9
$102 27 7.8 51 24 iifildiijlt-;:t'iéwhn:<-m“
Al903 17 2.1 34 14 1.9 11
Cca0 9.2 .31 22 5.4 2.8 5.4
MgO 2.5 .70 10.0 2.07 1.9 .81
Nas0 54 .14 1.70 .43 2,0 .27
K70 1.5 .20 3.2 1.3 1.8 .99
Fey03 26 3.6 60 20 .. 2.0 26 _
Ti02 .66 11 1.4 .56 1.8 54
S03 8.6 .38 17 5.9 2.4 4.8
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Table 10.——Arithmetic mean, observed range, geometric mean, and geometric deviation
of 34 elements in 51 coal samples from the Krebs Group, Arkoma basin, eastern

Oklahoma

[All analyses are in percent or parts per million and are reported on a whole-

coal basis.

are included]

L, less than the value shown.
for 155 Interior province coal samples (Hatch and Swanson

For comparison, geometric means
, 1977, table 4b)

Observed range

Interior
province

Arithmetic Geometric - -~Geometric - —geometric -~ -
Element mean Minimum Maximum mean deviation mean
Percent ——-
Si 1.8 0.15 14 1.1 2.7 1.4
Al 1.2 .086 10 o7 - 257— A
Ca .70 .058 2.3 .38 3.1 50
Mg .19 .019 76 Jd2 2.6 .063
Na .048 .003 14 .031 2.6 .026
K .18 .013 1.1 .10 2.9 11
Fe 2.0 23 7.3 1.4 2.3 2.3
Ti .048 .005 .38 .033 2.4 .040
Parts per million

As 30 0.5L 190 11 4.2 12

B 30 1.5 100 15 3.0 50

Ba 70 10 300 50 2.1 30

Be 1 .05 3 ] 4,0 1.5

Co 7 1.5 15 5 2.0 7

Cr 15 1l 150 10 2.6 10

Cu 16 3.6 58 13 1.9 16
F 78 20L 360 61 2.0 58
Ga 5 o7 30 3 2.4 3
Hg 26 .01L 1.6 .08 4,6 W10
Li 16 ) 100 7.4 3.5 7.0

Mn 95 7.6 410 59 2.7 72
Mo 5 ) 20 3 3.1 2
Nb 3 .5 30 1.5 4‘2 .7
Ni 15 3 70 15 2.0 20
Pb 6.1 .8L 30 3.3 3.1 19

Sb b AL 2.7 3 2.4 .8

Sc 3 3L 20 2 2.5 3
Se 1.9 .1 11 1.2 2.5 2.8

Sr 70 5 200 50 2.3 30

U 2.1 2L 13 o7 4.3 1.4

v 30 2 150 20 2.6 20

Y 10 1.5 50 7 2.3 7

b 1 2 3 o7 2.0 o7

Zn 30 5.4 98 23 2.1 58

Zr 20 2 150 10 2.6 10
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